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S

olar is a critical element of the energy technology portfolio
for combating climate change and shifting toward sustainable development (1, 2). Historically, financial incentives have
been the dominant policy instrument to promote the deployment of solar technologies through reducing barriers related to
the high up-front costs of adoption. However, there is a growing awareness that solar adoption is also heavily influenced by
the local regulatory and policy environment (3–6). Variation in
local rules and regulations, such as local building codes and
permitting processes, can lead to different levels of cost reductions and installation across local jurisdictions (7–12). Despite
documented best practices, these actions are unevenly adopted
by local governments, even when mandated by law (as is the
case in California) (13). It remains a challenge to increase governments’ awareness and motivate their adoption of these practices to build a solar-friendly marketplace.
To facilitate governments’ sustainability actions, voluntary
environmental programs (VEPs) have increased in popularity
among local governments in the past decade (14–16). VEPs
(e.g., WasteWi$e, Green Lights, and 33/50) emerged as a nonregulatory tool for the private sector and are widely used
to encourage firms’ voluntary green behaviors by providing
certification (17–21). They have long been advocated as an
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alternative policy tool to mandatory regulations due to greater
political traction and flexibility (22–27). Prior research has
shown that VEPs for firms have been largely successful (22, 27,
28), and there has been a growing body of work on VEPs that
encourage public agencies’ sustainability actions (7, 24, 29–31).
However, most work focuses on the motivations and strategies
for public agencies to join and implement these VEPs (24, 29,
31). The present study aims to improve our understanding of
the effectiveness of VEPs for public sector agencies in achieving sustainability goals.
This study represents a national examination of the impact
of a VEP that targets local governments to engage in solarfriendly practices to expand the local solar photovoltaics (PV)
market. In 2016, The Solar Foundation and the International
City/County Management Association, with support from the
US Department of Energy’s Solar Energy Technologies Office,
launched “SolSmart.” In contrast to mandatory regulations
imposed at the state or federal level, SolSmart, as a VEP,
encourages local governments to adopt best practices to promote solar PV installations via national recognition and no-cost
technical assistance. To achieve Bronze, Silver, or Gold SolSmart designation levels, local governments choose to accomplish required and optional actions from eight categories,
Signiﬁcance
Due to market and system failures, policies and programs at
the local level are needed to accelerate the renewable
energy transition. A voluntary environmental program (VEP),
such as SolSmart, can encourage local governments to adopt
solar-friendly best practices. Unlike previous research, this
study uses a national sample, more recent data, and a
matched control group for difference-in-differences estimation to quantify the causal impact of a VEP in the public,
rather than private, sector. We offer empirical evidence that
SolSmart increased installed solar capacity and, with less statistical signiﬁcance, the number of solar installations. The
results inform the design of sustainability-focused VEPs and
future research to understand the causal pathways between
local governments’ voluntary actions and solar market
development.
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Sustainable development requires an accelerated transition toward
renewable energy. In particular, substantially scaling up solar photovoltaics (PV) adoption is a crucial component of reducing the
impacts of climate change and promoting sustainable development. However, it is challenging to convince local governments to
take action. This study uses a combination of propensity score
matching (PSM) and difference-in-differences (DID) models to
assess the effectiveness of a voluntary environmental program
(VEP) called SolSmart that targets local governments to engage in
solar-friendly practices to promote the local solar PV market in the
United States. Via speciﬁc designation requirements and technical
assistance, SolSmart simpliﬁes the process of acting on interest in
being solar friendly, has a wide coverage of basic solar-friendly
actions with ﬂexible implementation, and motivates completion
with multiple levels of designation. We ﬁnd that a local government’s participation in SolSmart is associated with an increased
installed capacity of 18 to 19%/mo or with less statistical signiﬁcance, an increased number of installations of 17%/mo in its jurisdiction. However, SolSmart has not shown a statistically signiﬁcant
impact on soft cost reductions to date. In evaluating the impact of
the SolSmart program, this study improves our understanding of
the causation between a VEP that encourages solar-friendly local
government practices and multiple solar market outcomes. VEPs
may be able to promote shifts toward sustainable development at
the local level. Our ﬁndings have several implications for the
design of VEPs that promote local sustainability.
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including 1) permitting; 2) planning, zoning, and development
regulations; 3) inspection; 4) construction codes; 5) solar rights;
6) utility engagement; 7) community engagement; and 8)
market development and finance (32). A more detailed description of SolSmart designation requirements can be found in
SI Appendix.
From a theoretical perspective, SolSmart may encourage
local governments to become solar friendly due to 1) reducing
the information costs for communities to learn best practices
(22, 28), 2) starting with a wide range of basic actions, 3) allowing flexible implementation, and 4) motivating completion via
recognition. First, VEPs provide policy and administrative
guidelines as well as technical assistance, which can save participants’ time and resources to search for and adopt these best
practices (22, 33), thus bridging the knowledge–action gap (34,
35). Second, many of the best practices provided in the SolSmart program guide establish a minimum threshold for being
solar friendly. For example, some actions make the administrative process more transparent rather than more streamlined,
such as posting an online checklist detailing the rooftop solar
PV permitting process. Starting from these basic actions can
get local governments’ “foot in the door” and encourage them
to subsequently adopt other recommended practices that may
require more effort and investment (36–40). Third, existing
inconsistencies in practices across jurisdictions suggest that
local governments have preferences on the combination of best
practices to adopt (13, 41). SolSmart allows local governments
to choose any customized designation pathway based on their
preferences as well as technical, bureaucratic, and financial
capabilities. However, the flexible implementation of SolSmart
also allows local governments to get credit for the best practices
they have already completed, which may reduce the measurable
effects of SolSmart on the solar market. Lastly, SolSmart motivates completion by offering recognition via Gold, Silver, and
Bronze designation levels. This recognition allows local governments to benchmark their performance to others. This may
provide an intrinsic reward in the form of praise, which is more
effective than extrinsic rewards, such as financial incentives
(42).
It is challenging to examine the effectiveness of using VEPs
in the public sector due to potential endogeneity issues when
measuring program effects and limited data availability (8, 22,
24, 25). This study evaluates the effect of SolSmart in terms of
solar energy adoption and soft costs. Market expansion is the
ultimate goal of this VEP, and reducing soft costs is critical for
increasing solar adoption, as soft costs represent up to 70% of
the installation cost for residential PV systems (10). To address
the endogeneity issue, we use a combination of propensity
score matching (PSM) and difference-in-differences (DID)
models to capture the change in solar market development due
to participation in SolSmart. These quasiexperimental techniques allow us to estimate this effect by comparing the changes
in the outcome variables before and after designations between
the SolSmart communities and the matched control group of
non-SolSmart communities. In addition, this study leverages a
unique dataset from the SolSmart program and merges it with
several national solar market datasets to conduct a national
evaluation of a VEP in the public sector.
Overall, we find that participation in SolSmart is associated
with increased installed capacity and, with less statistical significance, higher numbers of installations, but there is no observable impact on soft cost reductions. Our findings suggest that
SolSmart, as a VEP that offers detailed guidance, technical
assistance, and flexibility for participants to adopt a wide range
of best practices, has achieved its intended outcome to promote
solar adoption in the local communities. In addition, we compare the statistical results with perceived impacts as reported
by local government and solar installer survey respondents,
2 of 9 j PNAS
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which are largely consistent. Our findings have implications for
the design of VEPs more broadly to engage local governments
to promote sustainability initiatives.
Results
We used a combination of PSM and DID approaches to estimate the effect of SolSmart in terms of solar energy adoption
and soft costs. Using PSM, we performed exact one-to-one
matching across 15 key characteristics that describe communities’ demographic, solar PV market, and environmental attributes to identify the most similar non-SolSmart community for
every SolSmart community. Given the risk of selection bias,
where communities that chose to participate in SolSmart are
more committed to solar and would see solar growth regardless
of participation, we report two matching processes to evaluate
the robustness of the results. Most (14 of 15) matching variables are the same in the two processes; however, the more liberal approach uses the existence of a 100% renewable goal in a
community, and the more conservative approach is limited to a
solar goal specifically.
The balanced statistics after matching suggest that SolSmart
participation is plausibly random across the treated and
matched control groups (SI Appendix, Tables S1 and S2). The
distribution of propensity scores before and after matching is in
SI Appendix, Figs. S1 and S2. The matched pairs of treated and
control communities are reported in SI Appendix, Tables S3 and
S4. In particular, the climate action plan (CAP), renewable
goal, and solar goal measures are all statistically insignificant
between treated and matched control groups after matching.
These variables reflect a local government/community’s environmental orientation regarding climate mitigation and adaptation broadly as well as support for renewables and solar energy
specifically (43–48).
The control communities being considered for matching come
from the most comprehensive dataset for solar installations in the
United States, the Tracking the Sun (TTS) dataset. As TTS disproportionately represents larger solar markets in California, Arizona, Massachusetts, New Jersey, and New York, only 76 of 245
SolSmart-designated cities and towns have available data in TTS
(more details are in Methods). Thus, this analysis includes 76 SolSmart communities and 76 matched non-SolSmart communities
(152 communities total). We present the representativeness of
regions, designation levels, and community characteristics among
SolSmart communities that are included in our models, those that
are not included in our models, and the full sample of SolSmart
communities in SI Appendix, Tables S5–S7. We found that the
environmental orientation and general intent to support renewables or solar were not related to data availability. Our sample is
largely representative of all SolSmart communities in terms of
demographics and environmental orientation. However, our analysis best represents wealthier communities in SolSmart, which
may tend to have more solar installations in general.
Estimated Effect of SolSmart. Fig. 1 shows monthly estimated
effects of SolSmart on installed capacity, the number of installations, and soft costs before and after designation between
treated and matched control groups. As shown, there is an
overall trend toward increased installation and lower soft costs,
even after controlling for time fixed effects and a linear time
trend. In addition, Fig. 1 suggests that there is a 1- to 2-mo
time lag between completing the SolSmart actions and achieving a SolSmart designation. In order to pursue designation,
communities first contact SolSmart for a consultation to learn
more about the program. If needed, they may leverage technical assistance provided by SolSmart to complete the necessary
steps and acquire appropriate documentation. After completing
the required actions, communities prepare and submit an
Gao et al.
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Fig. 1. The parallel trend for each outcome variable. The graph presents 90% CI bars. The y axis is the difference of installed capacity, the number of
installations, and soft costs between SolSmart and non-SolSmart communities before and after designation. The x axis is the months relative to designation. The ﬁgures present the treatment–control difference for 36 mo before the designation, the designation month, and 18 mo after the designation.

application to SolSmart for review, leading to some time lag
between when actions are enacted and when designation
is achieved.
We use DID models to estimate the average treatment effect
on the treated. In Table 1, models 1, 3, and 5 include renewable
goal as a matching variable in PSM and control variable in DID
models, and models 2, 4, and 6 include solar goal. The control
variables at the community level include CAP, renewable goal or
solar goal, the number of installers, the annual performancebased incentive, rebate, median home value, occupied housing
units, median household income, the number of installations (for
the soft costs models), and average efficiency of systems (for the
soft costs models). More details on these variables are in Methods.
We find that the SolSmart program is associated with increased
installed capacity and installations but not reduced soft costs.
Models 1 and 2 in Table 1 present the DID results for installed
capacity, which suggest that the SolSmart designation is associated
with an 18 to 19% increase in installed capacity per month in a
community. Models 3 and 4 report the effect of SolSmart
Gao et al.
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designation on the number of installations, which suggests that
the SolSmart designation is associated with a 9 to 17% increase in
installations per month, although these results have less statistical
significance. The model with solar goal is insignificant, but this
model has less than ideal matching between SolSmart and nonSolSmart communities, as the coefficient of the treatment variable
(i.e., the dummy variable indicating whether or not a community
is SolSmart designated) is still significant after matching. Robustness checks reported in SI Appendix suggest that there may be an
effect of SolSmart on the number of installations, but it is more
sensitive to model parameters. Another key factor that impacts
the development of the solar market is solar soft costs. However,
models 5 and 6 find a statistically insignificant impact of SolSmart
on soft cost reduction.
SI Appendix, Table S9 shows the results of the absolute
(rather than percentage) change of the SolSmart program on
installed capacity, the number of installations, and soft costs. In
models using renewable goal (i.e., the liberal approach), the
SolSmart designation is associated with an increased installed
PNAS j 3 of 9
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Table 1.

The effect of SolSmart designation on installed capacity, the number of installations, and soft costs
log(Installed capacity)

Dependent variable
SolSmart impact
Prepost
Treatment
Constant
Renewable vs. solar goal
Control variables
Year FE
Month FE
Linear time trends
Community FE
Observations
Communities
R2

log(No. of installations)

log(Soft cost)

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

0.188*
(0.095)
0.098
(0.090)
0.112
(0.475)
1.572**
(0.685)
Renewable goal
Yes
Yes
Yes
Yes
Yes
4,677
152
0.887

0.182**
(0.089)
0.133*
(0.074)
0.042
(0.130)
1.563**
(0.302)
Solar goal
Yes
Yes
Yes
Yes
Yes
4,842
152
0.886

0.171**
(0.080)
0.139**
(0.060)
0.005
(0.150)
0.089
(0.251)
Renewable goal
Yes
Yes
Yes
Yes
Yes
4,677
152
0.754

0.089
(0.089)
0.088
(0.066)
0.237*
(0.302)
0.089
(0.089)
Solar goal
Yes
Yes
Yes
Yes
Yes
4,842
152
0.756

0.039
(0.026)
0.043*
(0.023)
0.054
(0.090)
0.213
(0.173)
Renewable goal
Yes
Yes
Yes
Yes
Yes
4,169
152
0.332

0.037
(0.027)
0.028
(0.024)
0.186
(0.163)
0.323**
(0.150)
Solar goal
Yes
Yes
Yes
Yes
Yes
4,292
152
0.288
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The regression results in models 1, 3, and 5 include renewable goal as both a matching and control variable. The regression results in models 2, 4, and 6
include solar goal as a matching and control variable. SolSmart impact is the interaction term between SolSmart communities and prepost designations,
which captures the causal effect of SolSmart designation on soft costs, installed capacity, and number of installations. Treatment is a dummy variable
indicating whether or not a community is designated by the SolSmart program. Prepost is a dummy variable representing the time period after
designations. Robust SEs that are clustered at the community level are reported in parentheses. FE means ﬁxed effects. The complete regression results
with the coefﬁcients of control variables can be found in SI Appendix, Table S8. *Signiﬁcance level of 10%; **signiﬁcance level of 5%.

capacity of 83 kW/mo, an increase of six installed systems per
month (statistically insignificant), and a soft cost reduction of
$0.16/W. In models using the existence of solar goal (i.e., the
conservative approach), the coefficients for the absolute effects
are less robust and not significant.
SI Appendix, Tables S10 and S11 report the regression results
after removing outliers. Most of the price and system size data are
self-reported by system owners or installers, and thus, it is possible
that some outliers are errors. The percentage change estimates
are very similar but slightly larger than the results in Table 1.
However, the estimates of the absolute change are much smaller
than the results in SI Appendix, Table S9 and insignificant. This
suggests that the absolute effects are less reliable estimates than
the relative effects reported in Table 1, likely due to outliers skewing the distribution. The estimates of the percentage change are
relatively robust across model assumptions.
Additional models included in SI Appendix suggest that our
results are generally robust to different model specifications. SI
Appendix, Table S12 tested the robustness to pair-specific linear
time trends. We include an interaction between the linear time
trend and each matched pair to control for varying time trends
for each matched pair. In most of the models, the treatment
effects are smaller and less significant (although still significant
at the 10% level). In SI Appendix, Table S12, we find that a
local government’s participation in SolSmart is associated with
14% more installed capacity per month, 16% more installations
per month, and a 4.7% reduction in soft costs, which are largely
consistent with (albeit smaller than) the results reported here
when controlling for renewable goal. SI Appendix, Tables S13
and S14 tested the robustness when excluding specific outlier
months after designation. SI Appendix, Tables S15 and S16
include both solar goal and renewable goal as matching variables in PSM and control variables in DID.
To further examine why the effect of SolSmart on the number of installations is less robust than installed capacity, we
explored two potential mechanisms in SI Appendix: 1) net
metering policies and 2) percentage of ground-mounted installations. SI Appendix, Tables S17–S28 show the effect of adding
4 of 9 j PNAS
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net metering policies and the percentage of ground-mounted
systems with various model specifications. Our analysis suggests
that both net metering and percentage of ground-mounted
systems may be confounds, but the original conclusions are
robust. However, these additional models suffer from poor
matching quality and reduced observations (more details are in
SI Appendix).
Survey Results of Perceived Impacts. Survey data from local governments and installers provide context to understand how SolSmart has impacted the local solar market. Fig. 2 shows that
government respondents from SolSmart communities perceived
positive impacts of SolSmart on the local solar market. They
perceived that SolSmart primarily increased local government
staff knowledge (98%) as well as residents’ and business owners’ knowledge (67%) about solar energy and installation processes. Many government officials believed that SolSmart
reduced permitting time lines (70%) and inspection time lines
(60%), increased installed capacity (58%), and reduced overall
installation costs (42%). Designees may have focused on
reduced time line outcomes since this was one of the primary
goals of the SolSmart program.
If the SolSmart designation is to serve as a market signal to
installers that a community is “open for business,” installers
need to recognize the impact of the designation. However,
most installers had not previously heard of SolSmart. After an
explanation of SolSmart, solar installers believed that SolSmart
would increase installed capacity (62%), improve relationships
between local government and installers (61%), and increase
solar jobs (57%) (Fig. 2). Consistent with government officials,
solar installers perceived that SolSmart likely increased knowledge, particularly among government staff but also, among the
community (i.e., residents and business owners). Approximately
half of solar installers believed SolSmart would help with permitting time lines, interconnection time lines, and installation
costs. Although these survey results are the perceptions of a
small sample, this suggests that the estimated benefits, at least
for installed capacity, are somewhat perceptible.
Gao et al.
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Discussion
This study combines unique program data from SolSmart with
a detailed, system-level solar PV installation dataset (Berkeley
Lab’s TTS) and conducts PSM and DID models to estimate the
impacts of the SolSmart program, a national voluntary program
that encourages local governments to adopt solar-friendly practices. Our analysis shows that SolSmart is associated with an 18
to 19% increase in installed capacity (robust across multiple
model variations) and a 9 to 17% increase in the number of
installations (sensitive to model specifications). However, we do
not find a reduction in soft costs. Designated communities and
solar installers largely agreed on the perceived impacts of SolSmart, which included much more than was empirically evaluated here.
While SolSmart, as a VEP, includes a wider range of best
practices than the solar programs and regulations examined in
previous studies, its estimated impacts are smaller. For solar
installation, one study found a 22% increase in the number of
installations associated with improved permitting procedures in
California (12). However, another study found no effect of
streamlined solar permitting on installation rates, in part due to
data limitations (8). For soft costs, we estimated small reductions of $0.12 to $0.16/W, which were not robust to model variation. Other studies of improving regulatory procedures found
larger effects ranging from $0.27 to $0.77/W (11) in California
and $0.64 to $0.93/W (7) in a national sample (albeit dominated by California). Previous studies have estimated larger
effects as they compare communities with the most and least
favorable processes while controlling for differences across
time, location, and PV systems. The present study is unique in
the construction of a matched control group to perform DID
analysis.
In these results, the effect of SolSmart on installed capacity
is more statistically significant than the effect on the number of
installations. Additional analyses reported in SI Appendix suggest that the number of installations may be more sensitive to
potential confounds, such as net metering policies and percentage of ground-mounted systems (49). Lower net metering rates
Gao et al.
Encouraging voluntary government action via a solar-friendly designation
program to promote solar energy in the United States

are associated with fewer installations and, for the same level of
installed capacity, communities with more ground-mounted systems tend to have fewer systems. We found a statistically significant effect of SolSmart on the number of installations in these
alternative models, suggesting that the conclusions here are
robust. Unfortunately, models that include these additional variables suffer from poor matching quality and reduced observations due to data availability issues, so they are not our primary
models.
Ultimately, this study suggests that covering a comprehensive
set of basic actions could be an effective strategy for VEPs. Our
findings suggest that the effect of SolSmart on solar adoption
cannot be directly attributed to reductions in soft costs from
streamlined permitting processes. However, the comprehensive
program structure may allow multiple pathways for the
observed effects on increased solar installation. It is possible
that other actions, such as community or utility engagement,
may have more observable effects across locations. For example, community engagement requires local governments to provide access to information on costs and benefits, which may
ultimately encourage local solar adoption through peer effects
(50–52).
In addition, this study indicates that a flexible implementation
may not be a barrier to the success of a voluntary program. The
potential limitation of a flexible implementation is to allow local
governments to get credit for actions they have already completed, which may bias estimates of the impact of voluntary programs. It is possible that the combination of required and
optional actions across various categories with different degrees
of difficulty makes the effect of SolSmart more robust. As
reported in SI Appendix, Fig. S3, most communities do require
technical assistance to achieve designation, suggesting that at
least some of the actions are being pursued because of SolSmart.
Different actions are likely to lead to different direct and indirect
effects, but a combination of these actions may lead to a relatively
stable program impact, as observed here for installed capacity.
For example, in SolSmart, best practices to simplify and streamline permitting, inspection, and interconnection processes may
PNAS j 5 of 9
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facilitate customer acquisition and retention (42, 43). Actions in
zoning, construction codes, and solar rights expand market
potential by making more properties eligible for solar installations. The effectiveness of different actions may vary by community. Future research should investigate whether community
characteristics influence the effectiveness of specific actions.
This study is subject to data availability bias, which limits the
generalizability of the findings. The analysis is primarily limited
by TTS data. Although TTS data represent 81% of all installed
solar, there are notable gaps for Florida, Illinois, Maryland,
and Texas. As a result, our conclusions may not generalize to
those states or states with smaller solar markets. Smaller solar
markets may also have a less measurable effect due to low overall installation. Due to the limited data availability in TTS, our
analysis includes 31% (76/245) of all the city- and town-level
SolSmart communities. This sample is largely representative of
the population of SolSmart communities in terms of demographics, their environmental orientation, and general intent to
support renewables or solar. However, the included communities tend to overrepresent Gold designees (SI Appendix, Table
S6) and have higher median home value and education and
fewer minority residents than the entire SolSmart population
(SI Appendix, Table S7). Thus, our findings may not generalize
to less wealthy communities that tend to stop at Bronze.
While our study suggests the overall effectiveness of a solar
VEP, future research is needed to better understand how these
impacts are realized across time and space. The SolSmart
program was launched in 2016, and different communities
achieved designations in and after that year. Thus, our dataset
covers, at most, data for 2 y postdesignation and only 1 y or less
for communities designated in or after 2017. In addition, there
is a possibility that SolSmart has a spillover effect, where designation affects nearby communities either positively or negatively. For example, a positive spillover may occur when peer
effects drive increased solar installations in nearby towns (i.e., a
social spillover) (51). Alternatively, there may be a knowledge
spillover, where knowledge sharing between installers reduces
soft costs (53, 54). On the other hand, there may be a negative
spillover if solar installers are specifically avoiding communities
with more burdensome permitting processes (55). Based on
our interviews and surveys, most installers are unaware of SolSmart designation. However, they may still perceive the impact
of SolSmart designation and prefer communities that are
employing best practices.
As SolSmart and similar VEPs continue to grow, we need to
better understand the motivation and barriers for local governments to participate. The effectiveness of VEPs depends on
both the improvements that result from participation and the
number of participants in these programs (25, 26). More
research is needed on SolSmart and other VEPs to better
understand the mechanisms and impacts beyond the aggregate
estimates presented here. From a program design perspective,
there is significant interest in determining whether higher levels
of designation are associated with improved outcomes. However, it is challenging to address concerns related to selection
bias as the sample size decreases. Exploratory analysis suggests
there is not evidence at present that higher designation levels
are associated with higher impacts. Future analyses should also
investigate the effect of SolSmart on permitting and interconnection time lines, cost-effectiveness of SolSmart compared
with other financial incentives, and alternative analytical
approaches, such as a Heckman selection model. The results to
date suggest that VEPs like SolSmart are an effective strategy
for encouraging local governments to take actions toward sustainability. As these programs proliferate and SolSmart evolves,
it will be possible to conduct further studies comparing program designs.
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Methods
Data. To conduct this analysis, we combined data from six sources. The ﬁrst
source is the SolSmart program data, which include the government type, designation date, designation levels awarded to each SolSmart community,
speciﬁc actions taken by communities, and points earned in each SolSmart category. The SolSmart program was initiated in 2016 and includes 245 city- and
town-level communities (plus an additional 40 smaller communities, such as
villages, boroughs, and townships) that have achieved designations since
then. To access SolSmart program data, researchers should contact SolSmart
to set up a data-sharing agreement (https://solsmart.org/contact-us/).
The second source is the PV system-level TTS dataset, which includes the PV
system size, system zip code, system installation date, system efﬁciency,
rebate, performance-based incentive, and other ﬁnancial incentives received
by each system (10). While TTS is the most comprehensive dataset for solar
installations and includes 81% of grid-connected distributed solar in the
United States through 2018, it has notable gaps for several states, including
Florida, Hawaii, Illinois, Iowa, Maryland, Minnesota, and Texas. Only 89
SolSmart-designated cities and towns have data in TTS for installed capacity
and number of installations. After removing observations due to missing data
on performance-based incentives, rebates, system sizes, and installation prices,
we had 76 treated communities. The matched control communities were
selected from 2,215 unique communities with available data in TTS.
The third source is monthly hardware price data from BloombergNEF.
Based on the price data of the PV module, inverter, and balance of system
(BOS) from BloombergNEF, we constructed the soft costs variable as the transaction price of a solar PV system minus the price of the PV module, inverter,
and BOS. We used national module and inverter index data partially because
the self-reported module and inverter price data from installers in TTS are
very unreliable and incomplete, and this price index is the most available data
used by previous literature (54, 56). More importantly, for such competitive
and standardized products, as Gillingham et al. (56) stated, “both modules
and inverters are globally traded commodities, and thus the trends in these
costs will generally be similar across systems installed in the U.S.” However, we
acknowledge that module and inverter costs can vary signiﬁcantly from one
manufacturer or product to another. Therefore, it would be important for
future studies to improve the soft costs measurement at a ﬁne-grained level.
The fourth source is the presence of local-level voluntary commitments as a
proxy for environmental orientation. We use three measures of the presence
of local-level voluntary commitments as a proxy for environmental orientation
and general intent to support renewable and solar development: 1) if a local
government adopted a CAP before SolSmart, 2) if it had 100% renewable
energy goals before SolSmart, and 3) if the local government had solarspeciﬁc goals in the CAP (44–48). CAP existence and year of adoption were
obtained from the Zero Energy Project’s directory of all known municipal
CAPs in the United States and Canada. Sometimes referred to as
“sustainability plans,” CAPs detail and guide municipal efforts aimed at climate change mitigation based on local threats, preferences, and resources.
Solar-speciﬁc goals in the CAPs were used to denote governments that speciﬁcally prioritized solar. All data were veriﬁed using available links to municipalities’ CAPs. The directory was last updated 14 January 2020 (57). Place-level
100% renewable energy goal commitments were obtained from the Sierra
Club’s “Ready for 100” directory. The data indicate whether a city has made a
formal commitment to being 100% powered by renewable energy sources by
a speciﬁed date. All data were veriﬁed using available links citing the cities’
100% renewable energy goal commitments. The directory was last updated
10 June 2021 (58).
Finally, this analysis includes community characteristics from the US Census
Bureau’s 2015 American Community Survey 5-y estimates (59), as well as net
metering data and residential electricity prices from DeepSolar (60). Community characteristics include total housing units occupied by owners, the percentage of minority residents, the percentage of people with an education
level at or above a bachelor’s degree, median home value, median household
income, and median age.
Across these sources, the data are monthly and span 2013 to 2018. This covers 3 y before and 2 y after the launch of SolSmart in 2016. The panel is unbalanced, as not every community has data across all months from 2013 to 2018
and communities varied in what month they received SolSmart designation.
In addition to integrating multiple quantitative data sources, the study
also included stakeholder interviews and surveys to understand the perceived
impacts of the SolSmart program and provide context for our quantitative
analyses. This study received exempt approval from the Missouri University of
Science & Technology Institutional Review Board, and all participants provided informed consent. We conducted 36 interviews with local governments
and solar installers. We successfully recruited 212 government ofﬁcials after
emailing 3,183 contacts collected by The Solar Foundation (response rate of
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7%). The participants included 50 Gold designees, 31 Silver designees, 40
Bronze designees, and 91 nondesignees. The designated survey sample represented 104 unique jurisdictions, which is 36% of all SolSmart designees. The
survey sample roughly approximated the ratios between Gold (41% sample
vs. 38% population), Silver (26 vs. 23%), and Bronze (33 vs. 38%) designees,
although Gold and Silver designees were slightly more represented. Illinois,
Minnesota, California, Florida, and Colorado have the most SolSmart designees (45% of all SolSmart designees). In the survey results, respondents from
these states represent 39% of all respondents. There was lower representation
from California communities in the survey responses (2% of survey responses
vs. 9% of SolSmart designees) and higher representation from Florida (12 vs.
8%). We also recruited 117 solar installers after emailing 2,181 contacts collected via web scraping (response rate of 5%). The installers were located in
27 different states and 66 different jurisdictions. The reported response rate is
a conservative estimate and assumes that all emails were active. For both government ofﬁcials and installers, all recruitment was administered and branded
by the Missouri University of Science & Technology to ensure that participants
knew that the survey information was collected by a third party.
Econometric Model. The SolSmart program aims to lower local regulatory barriers, reduce soft costs in solar PV installation, and foster the development of
local solar markets by requiring designees to perform speciﬁc actions across
eight categories.* Communities qualify for a SolSmart designation of Bronze,
Silver, or Gold by meeting progressively higher thresholds of action criteria.
Each action under the eight categories is directly or indirectly related to reducing soft costs and boosting local solar adoption (a more detailed description
of SolSmart requirements can be found in SI Appendix). This study used a combination of PSM and DID (61–63) approaches to identify the impact of the SolSmart program on multiple outcome variables. The SolSmart program can be
viewed as an intervention in which the treatment is assigned to SolSmartdesignated communities, where treatment refers to the adoption of
solar-friendly actions. With SolSmart communities as treated units and nonSolSmart communities as control units, we compare outcome variables before
and after designation. However, since SolSmart designations were not
assigned randomly, endogeneity issues due to self-selection need to be
addressed. For example, more solar-friendly communities are more likely to
participate in the SolSmart program. Therefore, we constructed a matched
control group of non-SolSmart communities using PSM. The control group
aims to capture what outcomes would have been if the treatment had not
been implemented for the treatment group (i.e., the counterfactual). Therefore, we assume that any difference in outcomes between the treatment and
control groups before and after the treatment can be plausibly attributed to
the treatment (i.e., SolSmart program).
The PSM approach identiﬁes a control group of non-SolSmart communities
that are most similar to SolSmart communities. The matching is based on
*The eight categories include permitting; planning, zoning, and development regulations; inspection; construction codes; solar rights; utility engagement; community
engagement; and market development and finance.
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seven demographic (total housing units occupied by owners, percentage of
minorities, percentage of people who have a bachelor’s degree or higher,
median home value, median household income, total population, and median
age), six solar PV market (residential electricity price, performance-based
incentives, net metering, rebate, average system size, and number of installers), and two of three environmental (CAP and renewable or solar goal)
attributes. Including environmental attributes helps to reduce potential selection bias from environmental orientation and interest in renewables or solar.
In addition, there may be selection bias associated with performing actions
before SolSmart. Survey results suggest that SolSmart communities have
tended to engage in ∼30% of the most common SolSmart actions before
obtaining SolSmart designation, which is twice the rate of nondesignees (Fig.
3). In other words, communities that have already completed SolSmart actions
may be more motivated to pursue the designation. We assume that this is correlated with interest in renewables or solar, and it is addressed by including
variables that capture a community’s environmental and solar orientation in
the PSM and DID models. The need for technical assistance suggests that not
all actions are completed before SolSmart, even for motivated communities
(SI Appendix, Fig. S3).
Based on these matching covariates, we used logistic regression to estimate
the propensity score and check the overlap between the treated group and
the potential control group. The logistic regressions impose a linear relationship between the propensity to be treated and characteristics (i.e., independent variables) we included in the model. We used logistic regression to
calculate the propensity score and used one-to-one nearest neighbor matching to select the most similar matched control unit. The control group was
sampled without replacement, meaning that the same control community
was only used as a match for one treated community.
To test the quality of matching, we conducted t tests for these 15 matching
covariates between the treatment and control groups after matching to test
whether the preexisting differences between treatment and control groups
would become statistically insigniﬁcant (SI Appendix, Tables S1 and S2). As the
data are only available for 76 treated communities, we also conducted a t test
among communities that are included in our analysis and all the SolSmart
communities to examine the representativeness of the included communities
and to discuss the potential bias of our results (SI Appendix, Table S7). We also
present the distribution of propensity scores before and after matching (SI
Appendix, Figs. S1 and S2) and the list of all the matching pairs in SI Appendix
(SI Appendix, Tables S3 and S4).
Based on the treatment group and its matched control group, we use DID
models to estimate the effect of SolSmart designation on multiple outcome
variables. The DID model allows us to estimate this effect by comparing the
changes in the outcome variables before and after designations between the
SolSmart communities and the matched control group of non-SolSmart communities. Thus, we estimate the average treatment effect on the treated.
There is at least a 1- to 2-mo lag between when actions are enacted and when
the designation is achieved, leading to a fuzzy boundary for the DID model.
Local communities begin implementing actions before the designation, which
may lead to underestimation of the impact of SolSmart. The equations to estimate the effect of SolSmart designation are below:
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Fig. 3.

ln ðoutcomeit Þ ¼ β0 þ β1 × Aftert þ β2 × SolSmarti þ β3 × Aftert
× SolSmarti þ Xit þ αi þ γt þ ηy þ ωm þ εit

(1)

outcomeit ¼ β0 þ β1 × Aftert þ β2 × SolSmarti þ β3 × Aftert × SolSmarti
þXit þ αi þ γt þ ηy þ ωm þ εit :

(2)
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Each observation in this analysis is for a single community in a single month.
We run separate DID models for three outcome variables in the model,
namely installed capacity (kilowatts), the number of installations (count), and
soft costs (dollars per watt) in each community in each month. If ln(outcomeit )
is used in the model (Eq. 1), the effect of SolSmart designation measures the
difference in the change of growth rate of outcome variables before and after
designation between the treatment group and the control group. If
outcomeit is used in the model (Eq. 2), the effect of SolSmart designation
measures the change of the absolute value of outcome variables before and
after designation between the treatment group and the control group. Eq. 1
takes into account the baseline value of outcome variables and is a more
objective and commonly used measurement in DID models, but the results of
Eq. 2 are more straightforward for interpretation as it measures the change in
absolute value of outcome variables, such as kilowatt per month change of
installed capacity and dollars per watt reduction of soft costs.
The effect of SolSmart designation is captured by β3 , which is the coefﬁcient of the interaction term between the time variable (Aftert ) and treatment variable (SolSmarti ). Aftert is a dummy variable, the value of which is
one if t is after the community has received the SolSmart designation and zero
if t is before the designation. SolSmarti is also a dummy variable that captures
the SolSmart status. The value of SolSmarti is one if the community i is a
SolSmart-designated community (treatment group) and zero if i is not a
SolSmart-designated community (control group). Therefore, the interaction
term between Aftert and SolSmarti captures the differences of the changes in
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the outcome variables before and after designations between the SolSmart
communities and the matched control group of non-SolSmart communities.
We include community, year, and month ﬁxed effects to control for the
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total number of installations, annual performance-based incentives payment,
rebate payment, median household income, and occupied housing units
(reported in full in SI Appendix, Tables S8 and S9).
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